Introduction {#sec1-1}
============

Urinary calculi are the third prevalent disorder of the urinary system. Approximately 80% of these calculi are composed of calcium oxalate and calcium phosphate. Lithiasis is a male-predominant disorder, with a recurrence rate of 70--80% in males and 47--60% in females. Currently, no allopathic medications are available for urolithiasis. Surgery, lithotripsy, and local calculus disruption using a high-power laser are used to treat calculi. However, these procedures are expensive and recurrence is quite common.\[[@ref1]\]

As per Ayurveda, the seeds of *Hordeum vulgare* Linn. are reported to be useful in the treatment of a wide range of aliments including urinary stones.\[[@ref2]\] However, no scientific data are available to establish the antiurolithiatic property of the seed extract of *H. vulgare* Linn. In the present study, an effort has been made to establish the scientific validity of the antiurolithiatic activity of *Hordeum vulgare* seed extract using ethylene glycol-induced urolithiasis using male Wistar albino rats.

Materials and Methods {#sec1-2}
=====================

Adult male albino rats of Wistar strain (150-200 g) were procured from Zydus Research Centre, Ahmedabad. For acute toxicity studies, albino mice of either gender (25-30 g) were also procured. The animals were acclimatized to standard laboratory conditions (temperature: 23 ± 2°C) and maintained on 12-hour light/dark cycle. They were provided with regular rat chow (VRK Nutritional Solutions, Pune, India) with free access to drinking water *ad libitum* for the period of 28 days. Institutional Animal Ethics Committee (IAEC) approval (Protocol no.: IICP/PH/02-2010/04 dated 15.03.2010) was obtained and care of the animals was taken as per guidelines of CPCSEA, Ministry of Social Justice and Empowerment, Government of India.

 {#sec2-1}

### Chemicals {#sec3-1}

Ethylene glycol was obtained from Qualigen Fine Chemicals, Mumbai, India and cystone (Himalaya Health Care, india) was procured from the local market. All other chemicals and reagents used were of analytical grade.

### Preparation of Plant Extract {#sec3-2}

The dried seeds of *Hordeum vulgare* Linn. were received from commercial supplier of Anand, Gujarat, India and were identified by Dr. G. C. Jadeja, Professor and Head, Department of Agricultural Botany, B. A. College of Agriculture, Anand Agriculture University, Anand. A voucher specimen (voucher no. IICP/11-JGS/03-HV) was deposited in the herbarium of the Department of Pharmacognosy, Indukaka Ipcowala College of Pharmacy, New Vallabh Vidyanagar, Anand, Gujarat, India.

The air-dried seeds (500 g) were powdered and extracted with ethanol in soxhlet apparatus for 24 hours. The extract was evaporated under reduced pressure to give solid residues, which was stored at 0--4°C for subsequent experiments. The yield of the extract was 4.30% w/w.

### Acute Toxicity Studies {#sec3-3}

Acute toxicity study was performed as per the OECD guideline (no. 420) using albino mice prior to the evaluation of antiurolithiatic activity. The EHV was tested using graded doses (500, 1000, 2000, and 5000 mg/kg) in mice. Furthermore, the general behavior of mice was recorded continuously for 12 hours, and daily for the next 2 weeks for any mortality.\[[@ref3]\]

### Experimental Design {#sec3-4}

Ethylene glycol-induced urolithiasis model was used to assess the antiurolithiatic activity in albino Wistar rats.\[[@ref4]\] Animals were divided into nine groups containing six animals each. Group I served as control and received regular rat food and drinking water *ad libitum*. Ethylene glycol (0.75% v/v) in drinking water was fed to groups II--IX for 28 days to induce formation of renal calculi. Group III received standard antiurolithiatic drug, cystone (750 mg/kg b.w.; p.o.).\[[@ref5]\] Groups IV, V, and VI served as curative regimen (CR) and received EHV 100 mg/kg, 250 mg/kg, and 500 mg/kg body weight respectively from 15th to 28th day. Groups VII, VIII, and XI received EHV 100 mg/kg, 250 mg/kg, and 500 mg/kg body weight respectively from the 1st day till the 28th day and served as preventive regimen (PR). All extracts and standard were given once daily by oral route.

### Analysis of Urine and Serum {#sec3-5}

At the end of treatment, all animals were kept in individual metabolic cages and 24-hour urine samples were collected and measured on the 28th day. Animals had free access to drinking water during the urine collection period. A drop of concentrated hydrochloric acid was added to the collected urine before being stored at 4°C. The urine was analyzed for calcium, magnesium, phosphate, citrate, oxalate, urea, and uric acid.

On the 29^th^ day, the animals were anesthetized with diethyl ether\[[@ref6]\] and blood was collected from the retro-orbital sinus under mild anesthesia. Serum was separated by centrifugation at 15,000 rpm for 20 minutes and analyzed for calcium, magnesium, phosphate, citrate, oxalate, urea, uric acid, BUN, and creatinine.

### Kidney Homogenate Analysis {#sec3-6}

The abdomen was cut open to remove both kidneys from each animal. Isolated kidneys were rinsed in an ice-cold physiological solution, after the extraneous tissues were removed. The right kidney was fixed in 10% neutral buffered formalin, processed in a series of graded alcohol and xylene, embedded in paraffin wax, sectioned at 5 μm and stained with hematoxylin and eosin (H and E) for histopathological examination. The slides were examined under a light microscope to study the architecture of the kidney and calcium oxalate deposits. A sample of 100 mg of the dried kidney was boiled in 10 ml of 1N hydrochloric acid for 30 minutes and homogenized. The homogenate was centrifuged at 2000 rpm for 10 minutes and the supernatant was separated. The calcium, phosphate, uric acid, and oxalate content in the kidney homogenate were determined.

### Enzyme Assay {#sec3-7}

A portion of kidney was taken from all the groups, and a 30% w/v homogenate was prepared in 0.9% buffered KCl (pH 7.4) for the estimation of protein, superoxide dismutase (SOD), catalase (CAT), and malondialdehyde (MDA).

### Statistical Analysis {#sec3-8}

Results were expressed as mean ± SEM. Differences among data were determined using one-way ANOVA followed by Dunnett\'s multiple comparison tests (Graph pad Prism software for Windows, Version 2.03.1998). *P* \< 0.05 was considered to be statistically significant.

Results {#sec1-3}
=======

From the acute toxicity study, the LD~50~ cut-off dose was found to be 5 g/kg body weight for the extract. Hence, the therapeutic dose was taken as 100 mg/kg, 250 mg/kg, and 500 mg/kg body weight for the ethanolic extract.

[Table 1](#T1){ref-type="table"} depicts the urinary biochemical data that were obtained at the end of the experiment in each group. In the present study, EHV significantly (*P* \< 0.05) increased the urine volume at doses of 250 and 500 mg/kg indicating its diuretic activity. Chronic administration of 0.75% (v/v) ethylene glycol aqueous solution to male wistar rats resulted in hyperoxaluria. There was an increase in urinary calcium, phosphate, uric acid, magnesium, urea, and oxalate in calculi induced animals \[[Table 1](#T1){ref-type="table"}, group II\]. However, supplementation with EHV (250 and 500 mg/kg) significantly (*P* \< 0.05) inhibited these changes in urinary calcium, phosphate, uric acid, magnesium, urea, and oxalate excretion dose-dependently in both curative and preventive regimen \[[Table 1](#T1){ref-type="table"}, group IV-IX\]. Urinary citrate excretion was decreased after ethylene glycol administration in group II compared to the normal group (group I). However, supplementation with EHV (100, 250, and 500 mg/kg) significantly increased (*P* \< 0.05) this parameter and restores the urinary citrate levels to near-normal value. The results were consistent with cystone-treated animals \[[Table 1](#T1){ref-type="table"}, group III\].

###### 

Effect of ethanolic extract of seeds of *H. vulgare* Linn. on urinary parameters of control and experimental animals

![](IJPharm-44-672-g001)

Renal stone induction caused impairment of renal functions of the untreated rats as evident from the markers of glomerular and tubular damage, i.e., elevated serum creatinine, uric acid, and urea. These markers were significantly (*P* \< 0.05) reduced in the animals which were treated with EHV in a dose-dependent manner. The serum calcium, inorganic phosphate, and magnesium were significantly increased (*P* \< 0.05) in calculi-induced animals compared to group I \[[Table 2](#T2){ref-type="table"}, group II\] indicating marked renal damage. However, treatment with EHV (250 and 500 mg/kg) significantly (*P* \< 0.05) lowered the elevated serum level of calcium, inorganic phosphate, and magnesium in both curative and preventive regimens \[[Table 2](#T2){ref-type="table"}, groups IV--IX\].

###### 

Effect of ethanolic extract of seeds of *H. vulgare* Linn. on serum biochemistry of control and experimental animals

![](IJPharm-44-672-g002)

The calcium, phosphate, uric acid, and oxalate levels were significantly elevated in kidney homogenate of the calculi-induced animal group (group II) compared to group I \[[Table 3](#T3){ref-type="table"}\]. The EHV (500 mg/kg) and cystone treatment significantly (*P* \< 0.05) diminished the levels of all parameters mentioned above in both regimens. Low dose of EHV (250 mg/kg) failed to exhibit significant reduction in calcium, uric acid, and oxalate level in kidney homogenate except phosphate level.

###### 

Effect of ethanolic extract of seeds of *H. vulgare* Linn. on biochemical parameters of kidney homogenate of control and experimental animals

![](IJPharm-44-672-g003)

Ethylene glycol treatment significantly (*P* \< 0.05) increased the MDA levels and decreased SOD and CAT levels in calculi-induced animals compared to normal animals \[[table 4](#T4){ref-type="table"}, group II\]. The treatment with EHV (250 and 500 mg/kg) produced significant (*P* \< 0.05) reduction in MDA and improved the level of antioxidant enzymes like SOD compared to group II \[[Table 4](#T4){ref-type="table"}, group IV--IX\]. The elevated level of CAT was significantly (*P* \< 0.05) maintained by the treatment with EHV 500 in both curative and preventive treatment. \[[Table 4](#T4){ref-type="table"}, groups VI, IX\].

###### 

Effect of ethanolic extract of seeds of *H. vulgare* Linn. on markers of oxidation in control and experimental animals

![](IJPharm-44-672-g004)

Histopathological analysis revealed no calcium oxalate deposits or other abnormalities in the nephron segment of the vehicle treatment group \[[Figure 1a](#F1){ref-type="fig"}\]. On the other hand, several calcium oxalate deposits inside the tubules and dilation of the proximal tubules along with interstitial inflammations were observed in the renal tissue of urolithiatic rats \[[Figure 1b](#F1){ref-type="fig"}\]. The number of calcium oxalate deposits in the tubules of EHV treated rats (groups IV--IX) and cystone treated rats (group III) were less than group II \[Figures [1c](#F1){ref-type="fig"}--[e](#F1){ref-type="fig"}\].

![Light microscopic architecture and calcium oxalate deposits in the section of kidney. Sections of (a) normal control, (b) urolithic, (c) cystone treated, (d) curative treatment with EHV at the dose of 500 mg/kg, (e) preventive treatment with EHV at the dose of 500 mg/kg](IJPharm-44-672-g005){#F1}

Discussion {#sec1-4}
==========

A number of renal pathological diseases, including calcium oxalate kidney stones, have resulted due to the oxalate-induced damage to the renal cells.\[[@ref7][@ref8]\] Elevated levels of oxalate is responsible for the toxic effects on the renal epithelial cells via alteration in membrane integrity, generation of reactive oxygen species, and depleted source of antioxidant enzymes.\[[@ref9][@ref10]\]

In the present study, male rats were selected to induce renal stone because their urinary system resembles that of humans.\[[@ref11]\] Evidence in previous studies indicated that in response to the 28-day period of ethylene glycol (0.75%, v/v) administration, young male albino rats form renal calculi composed mainly of calcium oxalate, minute amounts of calcium phosphate and uric acid stone.\[[@ref8]\] Ethylene glycol increases the risk of urolithiasis by increasing urinary levels of stone constituents (calcium, oxalate, phosphate, and uric acid) and facilitating an optimal environment for stone growth like low citrate level. Ethylene glycol increases oxalate production by way of increasing substrate availability which induces the activity of oxalate synthesizing liver enzyme, glycolate oxidase.\[[@ref12]\] In view of its medicinal use as an antiurolithic, *Hordeum vulgare* seed extract was studied to evaluate its potential to prevent calcium oxalate urolithiasis. To our knowledge this is the first study to show the antiurolithiatic effect of EHV in ethylene glycole-induced urolithiasis.

The present study showed an increased in urine output of EHV treated animals which dilutes the concentration of urinary electrolytes. As a result, calcium and phosphorus are flushed out via the urine and there are lesser chances of precipitation, decreased formation as well as the growth of urinary stone. The excretion of oxalate and calcium were progressively increased in calculi-induced animals which is consistent with the previous reports.\[[@ref13]\] Most calculi in the urinary system arise from a common component of urine such as calcium oxalate (CaOx) and hypercalciuria, representing up to 80% of analyzed stones.\[[@ref14]\] Increased urinary calcium is a factor favoring the nucleation and precipitation of calcium oxalate or apatite (calcium phosphate) from urine and subsequent crystal growth.\[[@ref15]\] However, EHV lowered the levels of oxalate as well as calcium excretion, which is beneficial in preventing calculi formation.

Increased urinary inorganic phosphate excretion observed on ethylene glycol administration along with oxalate stress seems to provide an environment appropriate for stone formation by forming calcium phosphate crystals, which eventually induces calcium oxalate deposition.\[[@ref16]\] Treatment with EHV restored inorganic phosphate level, thus reducing the risk of stone formation. Magnesium, a potent inhibitor of CaOx crystallization *in vitro*, binds to oxalate to form a soluble complex, consequently reducing the concentration available for CaOx precipitation.\[[@ref12][@ref17]\] Magnesium deficiency accelerates the deposition of renal tubular calcium oxalate in rats. Experiments in animal models have shown protection against CaOx deposition in kidneys by magnesium but clinical studies have not shown any beneficial effects in impeding the formation of CaOx kidney stones.\[[@ref18]\] However, treatment with EHV significantly reduced the level of magnesium in urine and serum and significant elevation in ethylene glycol control animals. The reason for this is unclear.

Citrate is an important urolithiasis inhibitor, which forms a soluble complex with calcium and inhibits precipitation and aggregation of calcium oxalate and phosphate. In our study, EHV and cystone treatment led to increase in citrate concentration which might have reduced crystallization of calcium oxalate.\[[@ref19]\]

The glomerular filtration rate decreases in urolithiasis due to the obstruction to the outflow of urine by stones in the urinary system and the waste products such as urea and uric acid get accumulated in blood. This indicates marked damage of kidney. The uric acid crystals adsorb glutamic acid and other organic compounds and promote calcium oxalate crystals growth. The results showed a significant increase in uric acid level in serum as well as in urine in the ethylene glycol control group compared to normal control. The uric acid levels decreased after treatment with EHV and cystone, thereby hastening the process of dissolving the preformed stones and prevention of new stone formation in the urinary system.\[[@ref20][@ref21]\]

It has been postulated from several *in vitro* and *in vivo* studies that high levels of oxalate may have a detrimental effect on renal architecture mediated through intracellular oxidative stress, followed by changes in membrane structure, membrane lipid peroxidation, and cell death.\[[@ref22]\] It was observed in the present study that administration of ethylene glycol increased MDA content of kidneys and decreased activity of the antioxidant enzymes in the kidneys. The EHV treatment protected against the changes associated with oxidative stress. Several studies have shown that crystal formation results in cell damage and cell detachment from the basement membrane and the released degradation products further promote nucleation of crystals.\[[@ref23]\] Renal epithelial injury promotes crystal retention, as epithelial injury exposes a variety of crystal adhesion molecules on epithelial surfaces.\[[@ref24][@ref25]\] Histopathological changes also support the above results. Administration of EHV to ethylene glycol rats prevented super saturation of calcium oxalate and thus decreased their deposition in renal tubules.

In conclusion, the results indicate that administration of seed extract of *Hordeum vulgare* Linn. reduced and prevented the growth of urinary stones. It also seems that the treatment effect is more effective than its preventive effect. The underlying mechanism could be due to its diuretic effect, antioxidant, nephroprotective property, and lowering the concentration of urinary stone-forming constituents. Further experimental and clinical studies are required to elucidate the chemical constituents of the extract and the mechanism(s) that are responsible for the pharmacological activities.
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